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This paper, describing milling practice at Mount Isa Mines, is one 
of a series covering milling methods and costs that is being published by 
the Bureau of Mines, United States Department of the Interior. 


The Mount Isa concentrator began operations in May 1931 by treating 


@ mixture of oxidized and sulfide ores. 


Since March 1935 only sulfide 


ores have been milled; this change involved major alterations to the flow 
sheet. The maximum capacity on mixed oxide and sulfide ores was 2,650 
tons per day; the present capacity is approximately 1,580 tons of sulfide 
The installation of additional crushing, grinding, and 
flotation equipment when completed early in 1939 will increase the maximuz 
capacity of the concentrator to 2, 20 tons of sulfide ore daily. 


ore per day. 


All tonnages in this paper are expressed in tons of 2, 000 pounds, 
gallon measurements in terms of Imperial gallons of 277.41 cubic inches, 
and costs in dollars converted at the rate of $4 United States currency 
to the Australian Bees 
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SITUATION 


The mine, mill, and lead smelter.of Mount Isa Mines, Ltd., are 
situated in northwestern Queensland, 603 miles, by the Government—owned 
%-foot, G-inch-gage railroad, from the port of Townsville, Queensland. 
The altitude is approximately 1,300 feet above sea level, the climate 
semiarid, and the average annual rainfall for the district is 16 inches, 
most of which occurs in the SUMMET » 


WATER SUPPLY 


Water for milling purposes is obtained from the mine, where an 
abundant supply is available. This is supplemented when necessary by 
water from the Rifle Creek reservoir, situated 20 miles from Mount Isa 
and having a capacity of 1,400,000,000 gallons. | 


POWER 


Electric power, at 3,300 volts, 3~phase, 50 cycles, is supplied 
from the main power plant, which consists of 3 units. Each unit comprises 
one Babcock & Wilcox boiler fired with pulverized coal supplying steam 
at 300 pounds pressure and 750° F. superheat to one 5,000-kilowatt turbo- 
alternator. Cost of power distributed averaged 0.67 cent per kilowatt— 
hour for the year ended June 30, 1938. The coal used averaged 14.5 
percent ash and 12,600 B.teue per pound. 


All motors of 75 horsepower and upward are wound for 3,400 volts, 
the rest being on low-tension 440-volt circuits. 


MINING METHODS 


Carbonate ores were extracted by open-cut mining and sublevel and 
flat—back filled stopes, with square~set stopes in localized areas. 
Sulfide ores are extracted by a system of sublevel stoping with ring 
drilling and blasting developed to meet the problem presented by the 
Mount Isa ore bodies to best advantage. These methods are described fully 
in Information Circular 69785/ 


5/ Xruttschnitt, J., and Mann, V. I., Mining Methods and Costs at the 
Mount Isa Mines, Ltd., Mount Isa, Queensland, Australias Bureau of 
Mines Inf. Circ. 6978, 1937, 35 pp. 
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CRES TREATED 
Oxidized Ore 


The oxidized ores originally treated were. complex in character, the 
principal lead mineral being cerussite, with anglesite and pyromorphite 
in small amounts. The zinc content of these ores was low. 


It was found that efficient sintering and smelting of the carbonate 
concentrates depended on the presence of sulfides in the concentrates, 
particularly pyrite... These sulfides supplied the fuel requirements of 
the sinter charge and could not be supplanted by fuel such as coke breeze, 
from extraneous sources. Sulfide ores were milled admixed with the 
oxidized ores in the ratio of 1 part sulfides to 3 parts oxidized ore 
to supply the required fuel to produce a satisfactory sinter for blast 
furnace operations. This metallurgical necessity had the virtue of 
absorbing in milling operations ore produced from development in the 
sulfide zone that otherwise would have been stock-piled. 


The mill feed throughout the oxidized ore treatment program, there 
fore, contained lead as cerussite, galena, and lesser amounts of anglesite 
and pyromorphite, zinc as smithsonite and sphalerite, iron as pyrite, 
pyrrhotite, and limonite, a typical assay being as followss 


Ounces per ton 


Ac 53 
Ferr2st 

Pb nIeL 

Zn Le 

Fe : 929 

S105 52.5 

S ue5 


The oxidized ores, when dry, were sof t and nonabrasive but tended fo 
pack on the screens and in the Symons crushers when wet, because of the 
clay content of the altered shale ganzgue. | 


The presence of hard chert bands in the carbonate ores made grinding 
difficult and concentration of oversize chert fragnents overloaded the 
ball mills. The release of these overloads through the trunnion discharge 
often upset the grinding circuit. 


Fairly complete oxidization of the ore deposit extends to a depth of 
175 to 200 feet. Immediately beneath the oxidized.ore is a zone 50 feet 
thick, locally termed the "trensition zone": it is characterized by 
partial oxidation of the sulfides, some, secondary enrichment, and a high 
propertion of water-soluble salts. Ore from this source presents diffi- 
culties in concentration because it exerts an adverse effect on the 
selective lead~zinc separation and metal recoveries. As a result, a 
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Figure 1.— Intimate mixture of sil flee and sphalerite 
with a small amount of pyrite. Magnification, X55. ) 


Figure 2.— Pyrite (white) enclosing galena (light gray). The dark areas 
are gangue. (Magnification, X200. 
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Figure %3.- Pyrite (white) enclosing galena (light gray). The large, dark 
areas are gangue. Sphalerite (medium gray) borders a large area of ga- 
lena, with smaller areas of chalcopyrite showing as very slightly dark-— 
er areas within the galena. (Magnification, X100. ) 


Figure 4.— Galena replacing fine-grained carbonates. 
Poe ssceyecr starting at the grain boundaries. 
Magnification, X55. 
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large percentage of the ore in this zone is being left as a level pillar. 
Altered ore, however, is found along fissures and cracks, at levels well 
below the transition zone, but the alteration is not great enough to 
affect mill metallurgy adversely for long periodse 


tad 


Sulfide Ore 


The sulfide ore now treated consists of a very intimate mixture of 
galena, sphalerite, pyrite, and pyrrhotite, with smaller amounts of 
chalcopyrite, marcasite, and complex sulphosalts of silver. The gangue 
consists chiefly of dolomitized, stratified shale with some silica and 
carboniferous material, principally graphite. 


Concentration is made difficult by the fineness of the mineralization, 
and by the intimate degree of association of the sulfide minerals and 
of the sulfide and gangue minerals. Three typical occurrences are worthy 
of special mention and are shown in the illustrations: 


1. Bands up to several inches in thickness, consisting 
wholly of an intimate mixture of galena and sphalerite 
with small amounts of pyrrhotite and pyrite and very 
little ganguee This structure is prominent in ore 
from the deeper levels of the Black Star ore body and 
is illustrated in figure l. 


ce Pyrite, partly replaced by galena to give in many 
instances a curious atoll-like structure in cross 
section (see figs. 2 and 3). This structure is 
prominently represented in ore from the Black Star 
ore bodye 


3. Gangue minerals, partly replaced by galena, giving an 
extremely fine association (fig. 4). This structure 
is prominent in ore from the Rio Grande ore body. 


Ores from the Black Star lode are characterized by their lower grade, 
extremely fine texture, and the presence of much pyrite in otherwise 
barren bands of shale. This ore body represents 9/ percent of the 
developed reserves. 


Ores from the Black Rock and Rio Grande ore bodies are of higher 
grade, and much of the galena occurs in a relatively coarse state. Ores 
containing less than 10 percent lead are classed as low-grade and 10 
percent or more lead as high-grade. 


The sulfide ore is only moderately abrasive, but its resistance to 
crushing and grinding is high. It breaks preferentially along bedding 
planes, and consequently a difficult crushing and screening problem is 
reflected in the design of the crushing plant. The proportion of primary 
fines is low — generally less than 10 percent through a 1/4 inch 
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aperture ~ and the ore is seldom wet enough to give any screening troubles, 
the average moisture in the mill heads being only 1.2 percent. 


Largely due to the high proportion of finely divided pyrite, 
pyrrhotite, and minor quantities of marcasite the ore rapidly oxidizes 
if allowed to remain broken in the stopes. This factor was considered 
in selecting a method of mining that would result in a very short time 
lag between ore breaking and milling. 


For a most informative description of the mineralization and 
structure of the Mount Isa ore bodies, the reader is referred to ar tig es 
by Hs Fe Grondjs and C. Schouten in Hconomic Geology, June-July a! 
and R. Blanchard and G. Hall in Economic Geology, December 1937. 


BRIEF HISTORY OF CONCENTRATOR OPERATIONS 


The concentrator and crushing plant are situated on a hillside 
adjacent to the main ore~hoisting shaft of the mine, allowing, as far 
as possible, for gravity flow of ore products through the mill. 


The buildings are of steel construction provided with crane runways 
over the crushers, ball mills, classifiers, and flotation sections. 
Floors are concrete and woode 


As originally designed, the mill was arranged for the separate 
treatment of oxidized and sulfide ores in two oxide units of 830 tons 
capacity each and one sulfide unit of 560 tons capacity&/ but when 
production began in May 1931 the two oxide units, for reasons already 
explained, began treating a mixture of oxide and sulfide ores in the 
proportion of 3 to 1, respectively. The sulfide unit was converted to 
treat mixed ores. 


A detailed description of these operations has been published. 2/ 
The flow sheet shown in figure 5 indicates the general scheme of treatmert, 
the daily capacity being 1,850 tons. In 1933 the capacity of the mill 
was raised to 2,650 tons by the addition of three duplex five—compartment 
May jigs and six additional Deister Plat-O tables. Flotation capacity 
also was increased by the addition of two 45-foot Forrester cells. This 
flow sheet is shown in figure 6. 


By March 1935 reserves of carbonate ore were nearly exhausted and 
a change to treat straight sulfide ore became necessary. The harder, 
compact, intimately associated sulfide ore necessitated many changes in 
the flow sheet, the principal ones being: 


6/ A study of the Mount Isa Ores by H. F. Grondijs and C. Schouten: 
Econe Geole, vole 32, Noe 4, June-July 1937. 
Z/ Mount Isa Ore Deposition, by R. Blanchard and G. Hall: Econ. Geole, 
vole 32, Now 8, December 1937. 
&8/ See Mining Magazine, vol. 41, No. 6, December 1929. 
Q/ Le Ke Jacobsen, Milling Methods and Costs at the Concentrator of Mount 
graerannees Ltd.: Australasian ars Min. and Met., New Sere Noe 90, lot‘ 
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1. Elimination of gravity concentration (jigs and tables). 

ee Provision of an additional stage of crushing. 

3e Provision of classifiers in the primary grinding circuit. 

4, Installation of equipment for the recovery of zinc 
concentrates. 


These changes were made without seriously interfering with production 
and were completed by October 1936. 


As mining has progressed to deeper levels, a decided tendency to 
closer association of the sulfide minerals has been observed together 
with a definite increase in resistance to crushing and grinding. To 
maintain output and improve metal recoveries increased comminution became 
necessary; the three following major changes in flow sheet were made: 


1. Existing bowl classifiers in the secondary circuit (Dorr 
Model D 8 feet wide by 18 foot bowls) were replaced with 
classifiers of modern design and larger capacity (Dorr 
model QSFXB 16 feet wide by 20-foot bowls). 


ee A tertiary stage of grinding was added, comprising an 
additional ball mill. and the three bowl classifiers 
formerly in the secondary circuit. 


3e The crushing plant was equipped with screens of larger 
Capacity and the flow sheet was revised. 


These changes were completed in 1937. More recently (July 1938) all 
of the existing lead-flotation equipment was replaced by Fagergren machines. 


Additional crushing—plant capacity and an improvement in the fineness 
of product will ensue when heavy-duty rolls (72+ by 20-inch) at present 
under construction are completed. 


The present concentrator capacity of 1,830 tons is being increased 
to a maximum of 2,240 tons daily by the addition of a 10-foot by 72-inch 
Hardinge ball mill and additional flotation equipment. 


Table 1 shows the improvement in lead metallurgy that has resulted 
from the introduction of the improvements listed above and also from the 
decline in the proportion of altered ore from the vicinity of the "transi- 
tion zone." 


PRESENT CONCENTRATOR M#THODS 
Crushing 
The present flow sheet of the crushing plant is shown in figure /. 


All ore delivered to the coarse ore bin has previously passed through 
grizzlies with 1 by 20-inch openings located at various points underground. 
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The coarse-ore bin has a capacity of 1,600 tons, of which approxi- 
mately 1,100 tons is "live" storage. 


From the coarse~ore bin the ore is fed to two 36- by 24-inch Blake- 
type Fraser and Chalmers jaw breakers by two 36-inch apron feeders. The 
jaw breakers are set to 4 inches and are preceded by fixed bar grizzlies 
set at 2-1/4 inchese This close grizzly setting is necessitated by the 
pronounced tendency of the ore to break in flat slabs along bedding 
planes. Even at these settings enough flat slabs pass the jaw breakers 
and grizzlies to justify the employment of a man who spalls any rocks 
large enough to cause hanging up in the chutes. The apron feeders are 
driven by 10-horsepower motors through variable-speed drives, providing 
regulation in feed rate. The jaw breakers are belt driven at 224 r.p.m 
by (5-horsepower motorse 


The jaws of tne breakers are lined with manganese steel, vertically 
corrugated, the life of the various sections being as follows: 


is Months 
Fixed jaw, upper sectione.eee 20 
Fixed jaw, lower. sectionesecee le 
Movable jaw, upper sectioneee 20 
Movable jaw, lower section... le 


Toggles last approximately 16 weeks, and toggle seats 16 weeks, but 
recent improvements in design and lubrication are expected to extend 
the life of these parts. 


The combined jaw-breaker product and grizzly undersize discharge 
onto a 30-inch conveyor belt inclined at 19%-1/2, it feeds to a fine- 
roll cataract grizzly set at 2 inches. The oversize product from the 
cataract grizzly is fed by a 36-inch conveyor to one 5-1/2-foot Symons 
crusher set at 3/8 inche The primary undersize through the grizzly 
consisting of less than 10 percent of the product is screened by a le 
by 5-foot Tyler Niagara single-surface screen having 3/8 by 3/8-inch 
apertures. A 36-inch belt conveyor delivers the screen oversize to a 
second 5-1/2-foot Symons crusher set at 3/8 inche 


Both Symons crushers are driven by V-ropes at 455 repeme by 150- 
horsepower motors and are protected against tramp iron by two 2-pole 
Dings high-intensity magnets. The cataract grizzly is driven through a 
worm speed~reducer and chain drive by a 15—horsepower motor; the Niagara 
screen is V-rope driven at 960 r.p.m. by a /-1/2-horsepower motor. 


The combined product of both 5-1/2-foot Symons crushers is delivered 
by a 30-inch belt conveyor, inclined at 23°, to one double-surface 
Tyler Niagara screene This screen is le by 5 feet and is V-rope driven 
at 960 repem. by a /-1/2-horsepower motor. The top surface apertures 
are 3/4 by 3/4-inch; the lower ones are 3/4-by 1/4-inch. 
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Although the Symons. crushers are set at 3/8 inch, the product contains 
occasional flat fragments up to 5 inches long, 4 inches wide, and about 
1/2 inch thick. For this reason the oversize from both screen surfaces 
of the Niagara screen is delivered to a fixed bar grizzly set at 1 inch 
and superimposed above the foot short-head Symons crusher. The oversize 
from this grizzly is returned to one of the 5-1/2-foot Symons. The under— 
size comprises the feed to the short-head Symons; it is set at 1/8 inch 
and operates in closed circuit with an & by 3 foot Niagara single~surface 
screen with 3/8 by 3/S<inch apertures. This screen is V-rope driven at 
960 repeme by a Shorsepower motor. The short-head Symons is tex—rope 
driven at 485 repysme by a 100horsepower motor. Magnetic protection also 
is provided for this crusher. 


At present (December 1938) the capacity of the short—head Symons 
limits the throughput to 140 tons per hour, at which rate only one jaw 
breaker is run. | 


Undersize from all three Niagara screcns discharges onto a 40-inch 
conveyor and is delivered at the top of the fine-ore bins onto a shuttle 
conveyor under which there are six cylindrical steel bins ee feet in 
diameter by 45 feet higne Even distribution of the ore is achieved by 
means of a traversing gear that moves the shuttle to each bin in turn. 
The total live storage is approximately 5,500 tonse 


Bowl and mantle liners of the three Symons crushers are manganese 
steel. Present practice is to grind worn faces to correct profile during 
the life of the liners to insure more efficient performances. Liner lives 
are set out below: 


Days 


5-1/2-foot Symons ~ Mantle lineressse 350 
Bowl linereesseee 350 

U-~foot short—head 

Symons ~ Mantle liner...e.. 100-114 
Bowl liner.sessee 100-114 


The Niagara screen coverings are woven from manganese~steel wire, 
the respective lives being as follows: 


Days 

le- by 5-foot single-deck Niagaraeeces 18 
le by 5-foot double-deck Niagaras 

Upper screenesseese 42 


Lower screenececcee 60 


Power consumed by the jaw breakers and large Symons crushers 
fluctuates widely but averages as follows: 
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Horsepower 


Jaw Beeaice hes tet cu cenaetarekeeceeee 50~60 
5-1/2 foot Symons.-ceccccsccesseseee 100 
L-foot short-head Symons (steady) .e. 100 


The characteristic breaking of the ore along bedding planes persists 
throughout the range of crushing. The ore also has an extremely high 
crushing resistance and tends to pack under impact, even when dry, so 
that high circulating loads are built up in closed-circuit crushing units, 
and packing produces severe pounding stresses in the Symons crushers when 
set to deliver a fine product (less than 1/4 inch). With the twofold 
object of increasing capacity and producing a finer crushed product than 
is at present possible, heavy-duty, high-speed rolls are now being 
installed. 


The flow sheet (fig. 8) shows how it is proposed to introduce the 
new equipment into the existing plant. The rolls are Traylor heavy-duty, 
L.tension, rod-type, 72 inches in diameter by 20~inch face and will be 
driven through V ropes by two 125—horsepower motors at.115 repem. The 
alternative routes to provide flexibility are shown by broken lines in 
figure 8. 


In the revised flow sheet, the Symons crushers will be operating | 
over a range of reduction where they have proved efficient on this ore, 
and packing and pounding should be eliminated. 


Dust—handli stem 


Incorporated in the new crushing~plant flow sheet is a dust-recovery 
system composed of two 17,000-cubic foot fans and two Vestern Precipita- 
tion Co. Multiclone dust collectors type 9VII, size 50. 


Grinding 


Until March 1937, each of the three grinding units comprised two 
&foot by 00-inch Hardinge ball mills grinding in two stages; the primary 
mill was in closed circuit with an &foot model F Dorr classifier, whereas 
the secondary mill was in closed circuit with a model D, &foot wide by 
1&foot bowl Dorr classifier. 


During March and April 1937 the three model D classifiers eerving 
the secondary ball mills were replaced with model QSFX8 Dorr classifiers 
16 feet wide by 20-fvot bowl in order to cope with the large circulating 
loads required to improve stage grinding. 


The three model D classifiers were relocated in a new tertiary 
regrind circuit coupled with a new &foot by 60-inch Hardinge ball mill. 
This addition was completed in October 1937. 
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Figure 9.- Grinding unit, two-stage flow sheet. 
Secondary Clossifier 


Over flow from B. 
Secondor lassi tier 


Overflow From Cc" 
Secondary Clossilier 


Bow/ of 


Bow! of Bow7 of 
clossifirer west class(frer north closs(fier 
Type OS OS. Type_Ds DS 
Overfiow VAS Over iow 500 AS Over Flow Sands 


4 


x60" Hrorainge Ll TM 


ilFled pump Wilrley pump WtlFle. Wr? 
Flofgtion dor, 


Figure 10.- Regrind or tertiary grinding flow sheet. 
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Figure 9 shows the flow sheet of one unit as at present operated 
for two-stage grinding, and figure 10 shows the flow sheet of the 
tertiary or regrind circuit. Figure 11 shows the flow sheet of one 
unit as a three-stage grinding circuit. 


Flat 36-inch belt conveyors under each fine~ore bin feed in pairs 
onto an 1&inch inclined conveyor that passes over a Blake-Denison 
weightometer before discharging into the feed scoop box of a primary 
ball mill. 


The ball mills are operated at 20.8 repeme by 220-horsepower motors 
through double helical reduction (4: 1 ratio) and spur gearse Power 
consumed averages 195 horsepower for primary mills and 205 horsepower 
for secondary millse Primary mills carry a load of 44,000 pounds with. 
daily make-up of 4 inch forged chrome-steel ballse Secondary. mills are 
charged with 41,500 pounds of 2 inca alloy cast-iron balls, whereas the 
tertiary mill is charged with 38,000 pounds of 1-1/2 inch alloy cast-iron 
balls. 


The speed of one of the primary mills was increased from 20.8 repeme 
to 22.5 repeme for trial purposes, but with the lifter bar liner mill 
performance did not increase in proportion. The installation of a high 
pulp~level discharge and reverse cone grate on one of the primary mills 
its being tested. 


Liner life is recorded as follows? 
Tons 


Primary mills ~ Heed-cone linersececee 287,000 
Cylinder linersesecces 30/,000 
Discharge—cone liners. 367,000 


Secondary mills ~ Feed=cone linersesecee 307,000 
Cylinder Linerseccoece 17,000 
Discharge~cone linerse 470,000 


No tertiary mill liners have been replaced after 12 months operation. 


Pipe Conveyors 


The mill was originally designed with classifiers on the same center 
line as the ball mills, thus necessitating convcyance of pulp from mill 
discharges to classifier~feed launders. This is accomplished by revolving 
pipe conveyors, which in the primary grinding circuit are 14 inches in 
diameter and driven at 33 repem by 7~1/e-horsepower motors with V ropes 
and spur gears. In the case of the secondary grinding circuit, two 14-inch 
pipe conveyors turning at 31 r.pem. operate in series to avoid excessive 
sizes for the feed scoops. Feed-scoop diameters are as follows: 
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Radius, inches 


Primary ball millseveccocccesce ho 
Primary pipe Conveyor.cecsvecce 
Secondary Dall millescscesccavese 
Secondary pipe conveyores-ceces 36 


All scoops are fitted with renewable manganese steel shoes. 


Classification 
Primary Classifiers 


The primary classifiers are model ¥ Dorr units 3 feet wide, sloping 
2-1/2 inches per foot and driven at 28 strokes per minute by 15-horse- 
power motorse Primary ball-mill discharge entering these classifiers has 
an average density of 83 percent solids with the overflow normally at 
{O-percent solids. 


For Mount Isa sulfide ore crushed to 90 percent minus 1/4—inch, the 
maximum circulating load of the primary grinding circuit established by 
tests over an extended period is 70 tons total feed per hour, of which 
e/ tons represents new feede When this maximum is exceeded overloads 
build up, and conditions in the circuit become unbalanced. — 


Secondary Classifiers 


The overflow of the primary classifiers, with an average density 
of 70 percent solids, is pumped by a inch Wilfley pump to the secondary 
Dorr QSFX bowl classifiers, the tanks of which are 10 feet wide by 36 
feet long and slope at 2 inches per foot. The four reciprocating rakes 
are driven at 1/ strokes per minute by a 2>horsepower motor, but 
actual power required under existing conditions is 1&6 horsepower. Rakes 
in the 20-foot bowls operate at 3.3 repeme The overflow density ranges 
from 38 to 48 percent solids, depending on the tonnage and type of ore, 
but averages 42 percent solids. 


High circulating loads are customary in the secondary grinding 
circuits, reaching, on the average, 200 to 220 tons per hour of total 
feed to eacn mille 


Tertiary Classifiers 
The overflows from the three secondary bowl classifiers are dis 
tributed to three model D classifiers of the tertiary circuit. These 
model D units, previously employed in the secondary srinding circuit, 


have &foot—wide raking compartments and 13-foot bowls. They operate at 
lo stroxes per minute, and the bowl rakes operate at 2 Trepeme 
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10~foot by 7e-inch ball mill. 

Dorr multizone classifier. 
450-horsepower induction motor. 
Weightmeter, conveyor D. 

Weightmeter, conveyor A. 

Weightmeter, conveyor B. 

Weightmeter, conveyor C. 

30-inch shuttle conveyor. 

30-inch feeder conveyor to conveyor D. 
30-inch feeder conveyors to conveyors A and B, 
30-inch feeder conveyor to conveyor C. 
Model F Dorr duplex classifier. 

QSFXB Dorr duplex classifier. 

Linch Wilfley pumps. 

j~inch Wilfley pump to smelter. 

Lead stock tank under floor. 

Settlers ~ lead concentrate thickening. 
Three~way distributors. 

Surge tank. 

Soda-ash tank. 

Lift. 


' Tertiary grinding section, 3 model D Dorr classifier, 1 DSF Dorr 


classifier, 1 8 foot by 60-inch Hardinge ball mill (show in 
dotted lines). 
Lead contact tanks. 
Two-way distributor. 
Four-way distributore 
Five Fagergren recleaner cells, 56+ by 14-inch. 
Seven Fagergren cleaner cells, 56-inch square type. 
Twelve Fagergren rougher cells, 56-inch square type. 
Six Fagergren roughers, 56-inch round type. 
Five Fagergren roughers, 56-inch square type. 
14-foot-diameter stock tank. 
3-inch Wilfley pum to zinc filter tank. 
40- by 10-foot Dorr thickener. 
Three 24-inch Fahrenwald recleaner cellse 
Four 24-inch Fahrenwald recleaner cells. 
Five 24-inch Fahrenwald recleaner cells. 
Distributor. 
Zinc contact tanks. 
ol_inch Fahrenwald roughers. 
Surge tanke 
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Flotation feed comprises the overflow of the three tertiary classi~ 
fiers and goes to the cells at 43 to 35 percent solids. Sands from these 
classifiers are reground in an &foot by 60-inch Hardinge ball mille The 
mill discharge, at mw percent solids, is distributed equally to the three 
Classifiers. 


By operating these classifiers to overflow a high-density pulp, 
differential grinding of the heavy sulfide middlings is attained, so that, 
although 76 percent of the flotation feed is minus+-325 mesh (Tyler), over 
90 percent of the galena is contained in this fraction. 


Two-Stare versus Three~Stage Grinding 


Results to date indicate that on Mount Isa sulfide ores better 
metallurgy results from three-stage grinding. It is proposed, however, 
to include a new primary 10-foot by /2-inch Hardinge ball mill anda 
16-foot-wide QFX multizone classifier in the grinding circuit to facilitate 
further testing of the relative merits of two-stage and three-stage 
grinding of these oreSe 


Lead Flotation 


Present lead-flotation equipment consists of 600 Fagergren cells, 
6 of which are 56-inch round cells, and the rest are 56-inch square cells 
arranged in parallel rows; the installation was completed in July 1938. 
The rougher section consists of four rows of 12 cells eache The cleaner 
and recleaner rows contain 7 and 5 square cells, respectively. The flow 
sheet is shown in figure le. The installation presents an accessible and 
compact unit. Figures 13 and 14 show the plan and side elevation. 


The rougher cells are driven at 550 repeme by 10-horsepower motors. 
Cleaner and recleaner cells are operated at LOO YePeMe, tex-rope driven 
by 7-1/e-horsepower motorse Rotor and stator wearing parts are rubber 
coverede 


The Fagergren cell was adopted for the new installation after exten 
Sive trials with a unit consisting of six 50-inch round cells. 


The tertiary bowl classifier overflows, which comprise the flotation 
feed, are pumped to two contact tanks, where they are mixed with the 
rougher middlings and the lewd tailings; this product is then delivered 
to the feed distributor by ‘inch Wilfley pumps. 


Reagents are added to the contact tanks; attempts to obtain better 
contact by adding reagents to the ball mills gave poor resultse The following 
reagents were added? 


7086 ee 


Google 


I. CG. (073 


Pounds per ton 
NOGA ASM s6 0 S500 0 seine wwe seats ews 1025 
Aero cyanide (50 percent NaCN)eee. » 60 
Potassium ethyl xanthatecccsccoves 2 30 
GING SULLA. sé ives 65 oes oes 0 0 eeees - 60 
Aerofloat Jlevccccevcvcsevevescves ece 


The pH of the flotation feed ranges from 8.0 to 56, averaging 8.3 


Soluble reagents are fed at 10-percent strength by disk and cup feeders. 
The Aerofloat is stage~fed to the new feed and the sixth and ninth cells 
of each row of roughers by multicompartment Clarkson feeders; any individual 
cell, however, can be stase-oiled if required. 


When mine water is added directly to the circuit, it is immediately 
necessary to increase the reagents, particularly Acrofloat, to hold netal- 
lurgical results constante As a general practice, the make-up mine water 
is added to the mill tailings end a conditioning action takes place, due 
to aeration and contact, that renders the return circuit suitable for milling. 


The number of cells making middling may be changed readily. At 
present, five cells in each row make a rougher concentrate, the froth fron 
the remaining 7 cells being returned as a middling to the head of the 
circuit. It has been found impossible to reduce this heavy circulation of 
middling without severe loss of lead and silver in the tailings. 


Screen analyses and assays of the various products are given in tables 
5 and 6 (pp.25 and 26). 


Zinc Flotation 


The tailing from the lead-flotation plant (zinc-flotation feed) is 
conditioned in two }footediameter by 12 foot tanks in series. Copper 
sulfate and Aerofloat are added to the contact tanks, xanthate and sodium 
Aerofloat to the feed-pump sump. Pulp is then delivered to the feed 
distributor of the zinc-flotation plant by an S<inch Wilfley pump. 


The zgincflotation equipment comprises forty-eight 24-inch Fahrenwald 
cells arranged in 4 rows of 12 cells. The impellers are driven in pairs 
by Verope drives at 238 repeme, one 15-horsepower motor to each pair. 
Scrapers for froth removal ere driven at 17 repeme by one l—horsepower 
motor to each row of 12 colls.e 


A rougher concentrate is produced from the rirst 8 cells in each of 
three rows; a middling from the last 4 cells of each row is returned to 
the head of the circuit. ‘The cleaner bank of 12 cells is arranged to 
provide triple cleaning, there being 5, 4, and 3 cells for the respective 
Operations. A %foot-diameter by l2 foot surse tank feeds each stage 
of cleaning. The following reagents are used: 
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Pounds per ton 


Copper sulfateececesccccececs 1.045 
Potassium ethyl xanthate...ee 2076 
Sodium Acerofloatecccccccccese 0034 
Aerofloat Zlecvcvcvesevscervoe 0033 


Copper sulfate is fed by means of a saturator to which water is. 
delivered by a disk and cup feeder. The strength of the solution is 
determined at regular intervals by means of the cyanide assay methods the 
rate of adding water is adjusted by reference to convenient tables. 


Xanthate and sodium Aerofloat are fed at 10-percent strength by disk 
and cup feeder, the Aerofloat 13 being controlled by a Clarkson feeder. 


The Fahrenwald cells are now fitted with rubber~covered impellers 
and hood plates. Hard cast-iron hood nlates were replaced in 6 months, 
cell pans after le montks, and the baffle castings after 18 months operation. 
The impellers are giving longer service with rubbercovered hood plates 
and are estimated to give up to 3 years of life. fFlow sheet of the zinc 
section is shown in figure 15. 


Control of Flotation Operations 


With the extremely fine and intimate association of lead, zinc, and 
iron sulfides, conventional methods for gaging tailings losses, such as 
hand panning or pilot tables, are of doubtful value. The lead lost is 
mainly in the form of middling grains, common associations being galena- 
sphalerite, pyrite grains enclosing a core of galena, and various combina- 
tions of sulfides and gangue minerals. 


It has been found that for a given fineness of grinding and under 
stable balanced operating conditions the tailing assay in both lead and 
zinc flotation is indicated correctly by the grade of concentrate produced. 
Once the grade of concentrate desired has been established by a study 
of the economic factors involved, the simplest means of control is to 
aim for the grade of concentrate thus determined. 


In the lead circuit, grade is controlled by varying the frother 
additions to the rougher circuit as well as the rate of froth overflow 
from cleaner and recleaner cells. In the zinc circuit, however, the 
xanthate additions are varied, the frother additions being determined by 
the necessity for maintaining a suitable type of froth. 


To enable flotation operators to control concentrate grade, rapid 
assay methods have been devised for both lead and zinc concentrates and 
have proved accurate enough for control purposese The lead assay depends 
for its success on the fact that the iron is present chiefly as pyrite, 
little of which is decomposed by the hydrochloric acid used, while the 
absence of mangmese in the zinc concentrate enables the direct method to 
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be employed successfully. Determinations by operators may be completed 
in 20 to 30 minutes, which includes time employed in drying the sample. 


Dewatering and Handling Lead and Zinc Concentrate 


Lead concentrates are delivered to a distributor by a 4 inch Wilfley 
pump and are divided between three thickeners each 19 1/2 feet in diameter. 
The overflow from each thickener, which sometimes carries a thin film of 
froth, is delivered to a tank 14 feet in diameter and without peripheral 
overflow. A simple froth-reteining baffle catcnes any persistent froth 
and gives a clean overflow, which is pumped to the circuit water tanks. 


Mine water has been found to leave a froth-cutting property that is 
utilized in the froth-breaking sprays. 


Feed to the thickenors, allowing for spray dilution, ranges between 
15 and 25 percent solids, the underflow being maintained at 70 percent 
solids. 


The underflow of the thickeners discharges into two 14footediameter 
by 7-foot high wooden<stave tanks provided with Goldfield-type agitators 
driven at 10 r.p.em. by Shorsepower motorse 


From these tanks concentrates are pumped at intervals to the smelter, 
each pumping consisting of 65 to 70 tons and requiring approximately 1 hour. 
A 3-inch Wilfley pump, belt-driven at 1,440 r.ep.m.e by a 30-horsepower motor, 
delivers the concentrates through a 43 inch pipe line to the smelter re~ 
ceiving tank. The pipe lines rises vertically to 10 feet above the pump 
and then falls uniformly to the discharge at a }~1/2-percent grade. Its 
over-all length is 650 feet: a duplicate line is provided. 


| The power required by the pump falls slowly from full load (30 horsepcrer. 
at the beginning of pumping to approximately half load. 


Further dewatering of the lead concentrates is accomplished in Dorrco 
filters installed at the smelter. 


Thickening, Filtering and Drying Zinc Concentrates 


Zinc concentrates are delivered by launder from the final cleaner celis 
to two 30-foot Dorr thickeners constructed of 10-foot wooden staves; type 
mechanism with overload alarm and relay is provided. 


The peripheral launders originally provided on the thickeners have 
been removed owing to the difficulty experienced in breaking down the 
froth even with mine-water sprays. The thickeners are now operated in 
series, a simple froth baffle protecting a drawoff pipe on one side of 
the first thickener, the outflow from which, faintly turbid, is clarified 
by passing across the second thickener. Formerly, cloudy overflows were 
general, due to broken froth overflowing, but no difficulty is now experience: 
with solids in suspension. 
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Feed to the thickeners, including dilution by sprays, is between 20 
and 3Q percent solids, the underflows: being maintained at /O percent 
solids. The underflows ave collected in a 14-foot-diameter by 7~foot 
wooden~stave tank similar to those used for the lead concentrates and 
pumped at intervals to the zinc-concentrate filter plant by a Winch 
Wilfley pump V—rope—driven at 1,470 r.p.m. by a 25-horsepower motor that 
is fully loaded during pumping. 


The pipe line is 4 inches in diameter and 1,300 feet long, the 
receiving tank at the filter plant being 60 feet below the pump; the pipe 
line rises to 23 feet above the pump for the first 500 feet and then falls 
steadily to the outlet. 


The zinc filter plant is provided with two storage tanks, each le feet 
in diameter by 12 feet in height and of wooden-stave construction (fig. 16). 
Agitator gear is similar to that in tne lead-concentrate tanks. 


These tanks feed by gravity to one Glead, 8 1/2-foot—diameter, 
American-type filter, a 4%-inch Wilfley being provided to return overflow and 
drainage to the storage tonks. The filtering area is 560 square fcet3 the 
present output of 150 tons daily is handled with ease in two S~hour shifts. 


Roller discharges were tried on the filters but were abandoned in 
favor of curved—blade scrapers. These are now provided with replaceable 
molded-rubber edges that have reduced the wear on begs considerably. 


Bags are made of 17~1/2-ounce cloth, their life averaging 80 operating 
dayse ‘They are generally patched several times before being discarded. 


The filtrate is discharged into a separator, from which it is with- 
drawn by a centrifugal pump driven at 1,400 repem. through V ropes by a 
e-horsepower motor. The vacuum pump is connected to the separator via 
barometric leg and moisture trap. It is a 2O by 10-inch double-acting 
dry pump driven at 250 repeme by a 4O-horsepower motor requiring 30 to 
35 horsepower and provides 22 to 24 inches of vacuum under normal operating 
conditions. 

fh 

The filter cake, averaging le percent Ho0 with present concentrates, 
discharges to a 30-inch belt conveyor that delivers either to the drier 
or to a belt system leading to a radial boom stacker~conveyor covering a 


stock pile. 


The drier is a 7-foot-diameter by a 40-foot-long parallel-flow, 
direct-fired unit driven at 6.95 r.epem. by a 50-horsepower motor through 
V ropes, speed reducer, and train of gears. It is inclined at 3/4+-inch 
per foot from feed to discharge end. Six rows of baffles project inward 
from the shell and lift the concentrates into the stream of hot gasese 
Under normal running the drier requires 20 horsepower. 
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Coal is burned in a firebox of 36 square-feet area, draft being 
rovided by a fan with a capacity of 13,000 cubic feet per minute at 
inch water gage and 50° F,. at 960 r.p.m. The fan is directly driven 
by a 2O-horsepower motor and under normal conditions requires 12 horsepower 
handling 7,100 cubic feet per minute at 150° F., although these conditions 
vary as volume is varied to suit the feed rate. 


Fuel required per ton of concentrates, inclusive of daily starting-~wp 
losses, ranges up to 30 pounds, according to the type of concentrate and 
season of the yeare Moisture evaporated per pound of coal averages 
between 4 and 6 pounds. 


The concentrates are discharged from the drier at 6-percent moisture 
and are delivered by 18-inch belt conveyor directly into railway cars. 


Concentrates are reclaimed from the stock pile when required, either 
by scraper loaders or a steam shovel. 


Dewatering and Disposal of Tailings 


The tailings from the three rows of zinc-rougher cells flow by gravity 
through a launder and pipe line to a pair of Ginch Wilfley pumps, each 
connected to a le inch wood~stave pipe line and belt driven by a /5-horse- 
power motor. One pump handles the flow and delivers it to an elevated 
launder system, where the tailings flow by gravity to two tailings dams, 
each formed by damming a conveniently situated disposal area. Only one 
dam is in regular use, the other being held in reserve and used for a 
storage basin for return water. 


A launder is carried across the face of the dam, and tailings are 
distributed through holes in the launder bottom, the face being carried 
up to al: 1 slope until the top of the dam approaches the level of the 
launder, which is then lifted 10 feet and set back 30 feet from the face 
of the dam and the cycle repeated. Each lift lasts approximately 12 months. 


With sulfide ores, the dam wall is firm and has given no trouble with 
breakways, but the lighter carbonate ores gave trouble on occasions follor 
ing heavy rain, water~logged areas sloughing away from the wall. 


The water and slimes drain away from the face to form a clean pool; 
one dam is mainly used as a storage basin, the water being reclaimed for 
mill use by pontoon pumps, each having a capacity of 1,000 gallons per 
minute at 160-foot head. A 75 horsepower motor is connected to the pump 
by VY ropes; the load is varied to suit the volume of water required at the 
mill. 


sampling 


Mill heads are sampled at the overflow from the primary classifiers 
by automatic samplers, lead concentrates and final tailings also being 
sampled automatically. dZinc concentrates and intermediate products are 
cy Aaa a at half—hourly intervals by a shift sampler. 
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A check determination of lead-concentrate assay and tonnage is made 
at the smelter, where accurate volume measurements and weight per unite 
volume determinations enable the input tonnage to be celculated. 


Mill pulp samples are filtered in pressure filters and delivered to 
the sample drying and oucking room. 


Calculated mill output and smelter intake figures generally check 


closelye 


Weightometers, on which mill tonnage is based, are calibrated once 


a week. 


Accurate composite samples are assayed at the end of each month for 
a balance, which is reconciled with the smelter fizures for the same 


period. 


A daily mill balance also is reported. 


Conventional three-product formulas are used for computing the re~- 


coveriese 


Waces 


Wage rates are fixed according to industrial awards and are varied 


by the State Industrial Arbitration Court. 


Rates that prevailed in June 


1938 for a working period of 88 hours per fortnight are as follows: 
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Crushing—plant OPCLatoTecsecsevececes 
Crushing—plant hoelpereeeccccccccccccs 
Ballemill Qperatoreccceccecccvcsecece 
Flotation operatorecsc-ccocccceeccccce 
Flotation helperecec..svvcccsvccscece 
Tailings—cGam OperatoTecccoccccccnecce 
Zinc filter~plant operator...cecccece 
Samplerecevovsccccccceccrccssecceseee 
Rearent: MLXerss ss<.ss0o 46640 ose wa 08 08 
GP OSS OF Se 0:5:6 40k 4 oes Sea eK weee wee 
Renairman-mechaniCe.cccoccsscececcoce 
Pipe PACUCY oiiesio 6.66660 6 S6 es ee oe ee 
Risger and scraper driverecccccccccece 
Millwright—carpentereccsecccccccccccce 
Shift electricianecessccccacccccccace 
Blectricianescss ceoccssecsccccscvsessse 
Repair helperacecoccervccccscccccvcce 
Laborers, not classified. ....sc.eccece 
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Rate per 


S&~hour shift 


$4.00 
5-83 
267 
4.67 
3-83 
283 
07 
3-83 
5083 
2 83 
80 
4.13 
4. 33 
4, 80 
De 20 
4.663 
3.70 
3.70 
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Mill Production ~ Operating Data and Costs 


Table e gives essential yearly operating data and metallurgical 
results obtained for 1935, 1930, and 1937. 


Milling costs per ton of ore milled for the production of lead com 
centrates are shown in table 3. 


Zine concentrate is considered as a byproduct, and only actual pro- 
duction cost is allocated. Table 4 gives the cost segregation for the 
production of zinc concentrate. 


In the following tables, present milling results of a typical monta's 
operation (May 1938) are given. 


Table 5 shows the screen analyses of various mill products and assays 
of mill key productse 


The assay screen analyses of mill products are given in table 6. 
Miscellaneous metallurgical and operating data are shown in table | 
Table & shows current lead-milling cost segregation. 


Table 9 is a summary of consumption of flotation reagents and grinding 
balls. 


Table 10 shows power distribution and consumption. 
Table 11 contains analyses of mill waters. 


Table 12 is a summary of costs in units of labore 
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TABLE 1. — Recovery of silver and lead in Jead concentrates and 
zinc in zinc concentrates 


ET | 


Recove percent 
| \Zine concen 
Lead concentrate i trate 
Period Silver, percent |Lead, percen Zinc, percent | Remarks 
fdarch to ) Symons short—head 
June 1935+... {1 15e5 | - crusher operating May 
| 1935- Primary Dorr F 
| | Classifiers in operar- 
| | tion July 1935. 
July to | 
December 1955s 6867 > eS | - XHquipment for recovery 
| ; of zinc concentrates 
| | in operation October 
| | 19356 
lanuary to | | 
June 1935+ 65.8 | 7T2e7 34.7 - 
luly to | | 
December 1936.) 1302 Tie 49,1 - 
| ee J 
‘anuary to | | 
June 1937e-+0.) TH.6 | TSel 46.1 Crushing—plant flow 
| sheet revised January 
| | 1937. Dorr model D 
| | | jbowl classifiers re~ 
| | placed by Dorr QSFXB 
| bowl classifiers 
| | March 1937. 
uly to | | 
December 10574 TTe4 | 81.3 | USI (Tertiary grinding 
| | unit in operation 
| December 1937. 
anuary to | 
June 19 3Secc0 S2el | S525 | 5128 | a 
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TABLE 2. — Mill production — operating data 
July 1935 | July, 1936 


June 1936 /June 


'Tons milled 
Heads ! Silver, OZ- | 

Lead, percent | 

: Zinc, percent 
ane 

‘Tons produced 

Silver, o2Ze 
Lead concentrates | Lead, percent 

Zinc, percent 

Silver, OZe 

| Lead, tons 


om Zinc, tons ! 


‘Tons produced 
| Silver, O26 
Zine concentrates Lead, percent | 
Zi percer | 
Silver, o%e 
: Lead, tons 
Zinc, tons 
Silver, OZ. | 
Lead, percent | 
Zinc, percent 
In lead concentrates /Ag, 


! Pb! 


in zine concentrates iZn) 
jAerofloat 25 


‘Acrofioat 31 
ICresylic acid 

Reagents, pounds iXanthate 

per ton 'Soda ash 
jSodium sulfide 
|Zinc sulfate 
|Cvanide 
iCopper sulfate 


sodium aerofloat ' olf 


Grindin:s balls, pounds per ton 1.48 


| 

| 

: 

| 

| 

| 

Final tails | 
| | 


Recoveries, percent 


| 
| 
“4 
| 
| 
| 


Percent totel runnins time 6.6 , 
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TABLE 3. = of Costs, year ended June 30, 1938 
Tons 
Ore treated 664, 093 
Lead concentrates produced 126, 726 
Zine concentrates produced 61, 807 


Milli cost, in dollar er ton ore treated 


All other Total 
Labor | Supplies direct milli 
milling cost: COSsts 


Salaries and wageses.e| 0.068 ~ _ 0.068 
Crushingscccr.cocccee| e042 0.063 - 0105 
Grindineessescdeseads.! O19 O40 - 059 
‘Classifyings.sssssess| 2003 012 = “4015 
Flotatione...esesesee| 02k ~076 ~ ~100 
Concentrate handling. 008 002 - . 010 | 
Tailings disposal....| 013 ©9020 os 0033 
PumpSessessersssseees| 0002 014 - 0016 
ie dsaethc saaatetesack Cok e001 oe |. » €005 
POWCLeccccncccctences - ~ 0.185 | 2188 
ASSAY INS cecccscccees - - 0025 026 
Samplingsssccccsssoes| = és 2013 | «013 
Watereeccvesessccccce - - e002 002 


ReagentSececevvcccces 


Grinding ball ss cicecs 


Miscellaneous. eeeo0eene 
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TABLE 4, ~ Summary of costs, year ended June 30, 1938 


Tons 
Ore treated 654,093 
Lead concentrates produced 126,726 
Zine concentrates produced 61, 207 
Cost of production of Zn concentrates, in dollars 
Labor Supplies Other Costs Total 
iP er Per |\Per er 
ton ton ton ton 
Per concen |Per concen=|Per concen~ {Per concen 
ton trate ‘!ton trate j;ton trate |ton trate 
ore proe ore pro- ore pro- jore pro=- 
treated |duced [treated|duced_ Itreated|duced__|t>seated |duced 


Flotation 
thickenings .s.coe (0.014 0.139 


0.003 {0.032 | 0.006 |0.054 {0.022 


Filtering, drying 


| 

| 

| 

| 
stacking,loading| .020 | .214 | .005 | .054 | 2011 | o118 | .036 | 336 
PowOLeccvescavece = : oer = = , 2 O40 0429 OO 429 
ReagentSecocescee - | ~ - -~ | e092 | 0 986 | 2092 0 986 
COA liecdwlevee swe ee = | oe ~- = | «009 096 | S09 ~096 
Totale-+ereeesees| = ee ee ee ee ee 
7086 ade OU ae 
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TABLE 5. - Screen analyses, May 1938 
Classifier overflow 
Mill feed .| Prin | Secondary Tertiary Fin a3 
; i\Per~ | Per~ Per : Per- 
Screen |Per jcent |Per- j{cent Per cent Per cent 
mesh, |cent /cume /|cent -|cume | cent cumure cent cumus 
aches _| weicht|lative weight|}lative | weight |lative | weight | lative| weight |lative 
+ 0, 3/1 0. 6 . 6 o- ~ me ool a - ~ o- 
+ 15. 3 15. 9 o-~ - os oe o~ eo - =e 
+4} 24.0 |39.9 - a ra » Sis “s es ‘i 
+8}12.0 {63.9 = ~ a re si + - a 
+10} 6.3 |70.2 205 205 - ~ ~ ~ - ~ 
+14) 5.7 | 7529 4e5 |. 720 = - - ~ - - 
+2) 3-2 | 79-1 FeO} 12.0 ~ - - _ - ~ 
+28 4ee (82.3 {5 19-5 - | ~ - o = - 
“ie 2e9 185.2 - 9-5 | 29.0 si ee - ” as < 
+ 8 Cec S724 . 920 8.0 = - a ~_ Pa ae 
+65 1.5 88.9 ; 5.0 6.0 2e5 . 2e5 ~ — _ = 
+100} 1.3 {90.2 605 | 5265. - 5.0 1-5 ~ - 320 320 
#150} 1.0 [91.2 5e5 | 58.0 8.5 16.0 6.0 6.0 85 11.5 
+2001 .8 |92.0 4.0 | 62.0 | 9.0 | 25.0 8.5 14.5 | 21.8 | 23.0 
~200) §&.0 | - 3820 - - = — - = ~ 
+3255 = | - - | 10.0 | 35.0 925 24.0 | 13.0 | 36.0 
525 =e | i rb = 65.0 ~ 7620 tas 64.0 a 
} ‘ 
ssays of mill. products for M 8 
Insoluble,} Cu, 
percen D 2 =6 
Classifier overflow 358 0.1 
Lead concentratese. 6.0 035 
bead talldcs ccaew. ‘ 43.2 °06 
Zine concentrates... 304 el 
Final TOLL Bev cw tie Us 6 005 
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Screen 
mesh 

+ 150 
+ 200 
+ 325 
= 325 


screen 
mesh 

+ 200 
+325 
325 


Screen 
mesh 

+ 200 
+ 325 
- 325 


Screen 
mesh 
+ 150 
+ 200 
+ 325 
me 325 


TABLE 6. ~ Screen analyses and assays of mill products, May 1938 


Flotation feed (tertiary classifier overflow) 


Percent | Percent Distribution, percent 
weizht cumulative | Pb | Zn | Fe | Pb 20 Fe 
Cet 
O6S 
10.¢ 
B47 


00.C | rrt—“‘—its™s—~srSCii ST Qt 3-0 | 200.0) 100.0 | 100.0 
Lead final concentrate 

Di stribution, percent 

weizh eu Pol Zn | 2 

555 5655 29.8 L. 2) 10.1 x 

94.5 - 40.0 95.8 69.6 90.1 

100.0 139.5 14 7.31 100.01 300.0 00,0 

eA cleaner tail 

Percent | Percent percent Distribution, percent 

weicht cunulative Pb Zn fe 20 Pe 

520 6.0 9.0 8.6 728 623 405 On | 

10.0 16.0 12.5 | 16.3 12.2 14.7 10.9 Gs 

ens 15.2 18.7 ee : ae 00, 

e 100.( 

Percent | Percent Distribution, perceti 


weight cumulative 


00,0 

Distributior percent 

- 

g, 

Vive 

67. 

(100.0. | | yy {93 | 97 | 100.0 f00,0 | 1% 
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TABLE 6. — Screen analyses and assays of mill products, May 1938 ~ (Continued) 
Zinc concentrate 
Fercent Percent ‘Assays ercent Distribution, percent 
weicht cumulative | Po | Zn | Fe | Pb Zn Fe 
ai 
Se 
82.6 


86 


00.0 100.0 


Percent — 
cumulative 


stribution, percen 


Percent 
cunulative 


Percent 
weigzh 


cA RNR Be Py Gi Mee 100. 5 | 10056 100-0 
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TABLE 7. ~ Metallurzical Data for May 1938 

Total tons ore treatedesecccncccccvevccccccvecccccscssecsccasceese 
Days OPCTAatedececcneccecaccevcccccccccserescceseccssesssecsscsnens 
Hours operated per Beagle cece doe d ndeel abe eueauaemuiae ee eeeeins 
Average tonnage per 24 hourBecesscccccccsescsccvccssscccnvecseseves 
Average sectlons runningecceccces cevcccceccsscccccscscsccsccccces 
Average tonnage per 24 hours per SeCtiOnscccccccvccccccccccsenccce 
Total tons concentrate (lead plus zinc) cecccecccccccccvecserssvcces 
Total average tons concentrates por 24 hourSecceccecvsccsseseccecce 
Total tons lead CONCENETALCSe ccccccrasccccccnscccsccccesecrercceeee 
Average tons lead concentrates per 24 hoursesececcevccccecccevcece 
Total tons zinc SNGON ER ALG Risos niwescGanOnanshoeadieteseced tases 
Averaze tons zinc concentrate por 24 hoursSecscecccccccsceccencoces 
Recovery of silver in lead concentrates, percentecscosssersesecese 
Recovery of lead in lead concentrates, percenteceseseccecrecesccee 
Recovery of zinc in zinc Concentrates, POrcentesessececsccescosece 
Ratio of concentration lead section, tons of original ore into lee 
Ratio of concentration zinc section, tons of original ore into lee 


Ball consumption, pounds POY TON OTGeccccvccccvevesccccccssevccves 


7036 o 26 « 


Google 


55,210 
30 
ou 


613 
15,960 
532 
10,923 
364 
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: TABLE S. - Summary of Costs, May 1938 
Tons 


Ore treated 55,216 
Lead@ncentrates produced 10,923 
Zinc concentrates produced 5,037 


Milli co in ars per ton ore treate 


All other 
Labor Supplies direct 
milling costg 


Salaries and wageSeee|0.065 | ~ 0.065 
Crushing.ss..csssecees ! .093 
Grinding .sc<sssc0eses | 2063 
Classifying......+.+.| .002 | .006 2 : «008 
Flotation....cesecese! 0023 | .078 _ | 2101 
Tee ee Pe e008 | O01 = | e009 
Tailings disposalese.e| e014 eO17 os ! e031 
PuMpSeccscccscescccese, eOOL 009 ~ 2010 
Researcheeesesssacces! O04 | 2003 ~ : ~007 
Soncticisdsemseses: a 02169 0169 
Assayingeccsscccccces| & - 2026 2026 
Sampling.s..scsceceee| = 012 2012 
Waterecccocccccvccves | - “ 2002 «002 
Grinding ballseecscee! = ; - | 2069 »069 
liintiswsncseieeye! - | “ 161 0161 
Miscellaneous. covccece = = ae 


1/ These costs are for lead flotation only. Zinc concentrates are treated 
as a byproduct and bear only production cost from tails of lead flota- 
tion circuit. 
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eens Reager OTe BAateC 


Soda ash 1.14 
Cyanide : 053 
Zinc sulfate 053 
Lead flotation Xanthate 025 
Aerofloat 31 | 005 
Aerofloat 25 208 
Cresylic acid O07 
Copper sulfate. — 690 
Sodiun aerofloat O07 
Zinc flotation Xanthate ae see 007 
Aerofloat 31 ! *2005 - 
Cresylic acid Hs eOl 
Grinding balls 
Pounds per ton of 
Description ore treated 
WAnch ee chrome=steel ballseccececccces . es oe 5 0.68 
3~inch forged chrome=steel ballse... . were rr ee 204 
2-inch cast white alloy iron ballsscccccccccseces : SY 


1-1 /2-inch white alloy cast-iron ballsee.e. eose eee 
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TABLE 10. ~ Power distribution, November 1938 


Distribution, 
percen 


Kwee-hr. per ton of 


Crushing plant: 


CLrushOr aie sw ss 66 656 664 wee 00.006 Sc 
Screens, conveyors, etCe eecccce 


Ge 
Concentrator? 
Primary grinding and classifica- oe eee ei 
CLOG 4646s 0s S60 e eae ewe ewe owe Te 35 22.96 
Secondary grinding and classifi- am ele 2d 
CAtLONecccccccccccevacccrsevveces Te 7 24.18 
Tértiary grinding and classifi~ 
CatlLONe sscececcsectiscsccccsiseess Ce 0 Sg yy 
Lead flotationecccececccvsccvccces 5e le 1787 
Lead~concentrate handlinge..eeoe 2 Pais) 
O 18.6 
Zinc flotationeceecccecccccccece 3646 10.81 
Zinc concentrate handling..s...ee 016 0 50 
Zinc concentrate filtering and 
ATVANGFe ccccccccsccccscccscccccee yy 1,06 
i Oe ees 
Tailings disposal and return 
Water Circuiteccecccsescsecccses 1e (5 547 
TRU INE acsiewie wise eee eeuns.on seer o 5 1.41 
Total kwe~hrse per ton ore treated... 32.01 100.00 
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TABLE ll. ~ Analysis of. concentrator water 
P per m Lor 
Millec water |Mine water |R Creek Reservoir 

Total solids.ececes 3,145 3, 244 76.0 
Volatile and 

organic matter.. 83 254 - 
Fixed solidsee... 3,062 ~ - 
Cae vecdccteeseeis 222 | 410 13.0 
WEOh essen sae 250 | | 30 | 6.0 
NaDeeeausiswaves 890 ; 582 | . . eT 
Beeverssceeeeeeee | 4 2.8 I > ie 287 
S10siéssadmeas ‘ae oy | 8.0 
Clvdsawdeetaeeews 490 206 
SOzeeessescccoens 1,271 | Nil 
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TABLE 12. ~ Summary of costs in units of labor, May 1938 


Tons 


Ore treated 55,216 
Lead concentrates produced 10,923 
Zinc concentrates produced 5,037 


Man~hours per 
ton ore 


Number men 
employed 
er 


NOL GMAi a6 o-65-bb65o 6 6 4.6 6lei0 Obie e soe e wee ee 


| 
Crushing Bien fs oeas en seemeamoweneenctiness 1/17 O61 
| 


Grinding: 
Primary and SCCONdATYVcoscccccvsccccens 6 0026 


TEE ULSEY 8 citiGieSieneivge eet eae Ree S SOR) 3 0013 
| 


Flotation? 


TiC BIOS Giana w te. Wai ww. 0 owas oa -Wb Wie eo wee ee 


| 


phere ee ee ee ee eee eee ee a eee ee ee 


Handling: 
Lead CONCENTVatCccvecsevcsresccccveves| 


ZINC: CONCCHEY At Cw 66 ws. 66s CWS 5 Os Cw eeS 


Zinc concentrate Filteringeccevcccvccccsvee 


Tailings Bina er at ahi neraineineneenny ay 
| 


GreEasinGescesvecccvcvaveceseesssesesccccese 


3 
3 
5 
t 
mn 
Samplingercecccscccccccscccesccseccescvccsece 5 
2 


Reagent MIXING sr -ccccnossccvcccvesccvesvecce 2/ 


Maintenance: 


O17 
eOe2l 
MOCHanN1 Cal vis ssre een eee ew weee ee ewus soem 2/15 | 


ELECtricalecseccccccccsccescescscveses 2/ S - 
Totaleccccvecccscceveseccsesesesaes 87 
Total operating man hours/ton ore treated.. 262 


l/ Operating 6 days per week. 
2/ Operating 5-1/2 days per week. : 
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